Cardiac involvement is one of the major concerns in patients suffering from systemic lupus erythematosus (SLE), a multisystem, autoimmune disease. Several autoantibodies such as anti-phospholipid antibodies, anti-SSA/Ro antibodies, and anti-endothelial cell antibodies can directly affect the heart tissue. Also, epidemiological studies and autoptic investigations showed that an accelerated atherosclerotic process which may be triggered by autoantibodies is largely responsible for the increased cardiovascular events in patients with SLE. [1] [2] [3] In post-mortem studies, significant atherosclerosis was observed in more than 50% of deceased SLE patients regardless of the actual cause of death. [4] Nevertheless, atherosclerotic diseases are more prevalent in SLE patients than in general population and cardiovascular diseases have been recognized as risk factors for mortality. [5, 6] Some studies have shown that the three most common traditional cardiovascular risk factors such as older age at diagnosis, hypercholesterolemia, and hypertension are also more predictive in SLE patients than in age-and sex-matched healthy subjects. [7, 8] Because accelerated atherosclerosis is considered an important cause of morbidity and mortality in patients with SLE, one of the recently accepted ultrasoundderived markers of early, asymptomatic atherosclerosis is increased arterial stiffness, as evidenced by increased pulse wave velocity (PWV) in the proximal aorta. [9] Arterial stiffness is commonly assessed with aortic PWV measurement, while peripheral pulse pressure is computed as the difference between systolic and diastolic blood pressure. [10] A more compliant central artery means greater percentage of stroke volume, whereas stiffer artery declares more of stroke volume passes down the arterial system with a more rapid PWV. [11] However, PWV may be considered an indirect measure of the biophysical properties of the aorta that occur at early stages of vascular disease which may predispose to major cardiovascular diseases. Augmentation index (AIx) is the result of the arterial wave reflection which represents the amount of afterload, and is considered as a predictor of vascular disease and arterial stiffness. [12] Echocardiographic strain imaging is an innovative approach developed to assess the left ventricular myocardial mechanics. This novel echocardiographic approach has improved the assessment of myocardial regional and global systolic and diastolic function. [13] In this study, we aimed to investigate whether the degree of stiffness of the aorta is increased and if this has a relationship with left ventricular global peak systolic longitudinal strain (GPSLS) and disease activity index in patients with SLE.
PATIENTS AND METHODS
We planned a study with 43 experimental subjects and 30 control subjects by using the Power and Sample Size Program. In this study, 43 consecutive patients (8 males, 35 females; mean age 42±12 years; range 20 to 67 years) with SLE were enrolled. All individuals met at least four of the American College of Rheumatology criteria for SLE. [14] Extensive screening for coronary artery diseases was undertaken in all patients. Among patients included in the study, 38 had normal cardiac stress test, three had normal myocardial perfusion single-photon emission computed tomography, and two had normal coronary angiogram. Patients with known peripheral arterial disease, coronary artery disease, angina pectoris, left bundle branch block in electrocardiogram (ECG), pericarditis, pulmonary hypertension, congestive heart failure, arrhythmia, and stroke were excluded. We also excluded the patients with other forms of autoimmune diseases. The Safety of Estrogens in Lupus Erythematosus National Assessment (SELENA)-SLE disease activity index (SLEDAI) score was used to assess the disease activity in patients with SLE. [15, 16] The control group consisted of thirty individuals (7 males, 23 females; mean age 42±15 years; range 20 to 60 years) without significant differences in age, sex or body surface area from the patients with SLE. Also, none of the patients had a history of dissection, previous cardiac surgery or clinical disorders known to compromise myocardial function such as diabetes mellitus, renal impairment, anemia, thyroid or liver disorder. In addition, smoking and excessive alcohol consumption were considered as exclusion criteria.
Echocardiography (echo) was performed using a Vivid 7 ultrasonographic machine (Vivid 7, GE Vingmed, Horten, Norway). The left ventricular ejection fraction (EF) was calculated by Simpson's biplane method of discs according to the American Society of Echocardiography. [17] Mitral annular peak systolic velocities (Sm) were assessed from above the mitral annular regions (septal and lateral) using tissue Doppler imaging (TDI). All conventional and strain data were acquired with a 2.5 or 3.5 MHz multiphased array probe and the images were digitally stored for offline analysis by means of the Echo Pack system with GE brand software (Vivid 7, General Electric Healthcare, Milwaukee, WI, USA). Two-dimensional speckle tracking analyses were performed on three consecutive end-expiratory cardiac cycles using the high frame rate (69.8-147.7 frames/s) harmonic imaging of the left ventricle obtained in the apical four-chamber views. Acquired data of two-dimensional longitudinal strain was subsequently transferred to the computer for off-line analysis. Global peak systolic longitudinal strain was calculated by averaging the six regional values in the apical four-chamber.
Blood pressure was measured in supine position after a brief rest period of at least 10 minutes and pulse wave analysis was performed using a commercially available device (Sphygmo Cor, Pulse Wave Analysis System, At Cor Medical, Sydney, Australia) by a single investigator. The studies with an acceptable quality score (operator index >80%) were included in the analysis. The variability for duplicate measurements was <5%.
Aortic pulse wave velocity was measured by the carotid to femoral method. The time difference (t) between ECG R wave and the Doppler flow onset at right common carotid artery and common femoral artery was measured and the delay was computed. The distance from the suprasternal notch to the carotid measurement point was referred as 'D'. Pulse wave velocity was calculated as D/t. The radial pulse wave was generated after the acquisition of 20 to 30 reproducible sequential waveforms and central systolic, diastolic, and pulse pressures were calculated by using the generalized transfer function of the corresponding central aortic pressure waveform. The overall quality of the captured signal for all recordings were evaluated by an algorithm based on average pulse height, pulse height variation, diastolic variation, shape deviation, and maximum dP/dT included in the device. The difference between the peak systolic central pressure and the pressure at the onset of the reflected wave from the lower body was measured as time to reflection. The ratio between the augmented pressure and the central pulse pressure was referred as the aortic AIx and expressed as percent.
This study complied with the Declaration of Helsinki and was approved by the Local Ethical Committee in Kartal Kosuyolu Education and Research Hospital.
Statistical analysis
Statistical analyses were performed using SPSS for Windows version 15.0 software program (SPSS Inc., Chicago, IL, USA). Data are presented as mean ± standard deviation for continuous variables and as proportions for categorical variables. A two-tailed p<0.05 was considered significant for all statistical analyses. Simple correlations were evaluated by Pearson's r correlation coefficients. Independent samples t test was used to test differences between groups. Linear regression analyses were performed to assess the independent association of aortic stiffness and wave reflections variables with strain parameters of left ventricular (LV) performance. Reproducibility of the measurements was assessed by calculating the intraclass correlation coefficients for absolute agreement and relative 95% confidence intervals.
RESULTS
There was no statistical difference between age, sex, weight, height, smoking, hypertension, and anti-hypertensive medication of patients with SLE and the control group. Demographic and clinical properties of both groups are shown in Table 1 .
There were no significant differences between LV end diastolic volume and LV EF. However, absolute values of global circumferential strain, global radial There were no statistically significant differences between heart rate, aortic and radial systolic and diastolic blood pressure, and mean pressure of patients with SLE and control group. However, aortic pulse pressure, aortic augmentation, AIx, and PWV were statistically significantly different between SLE patients and control group (Table 3) .
Pulse wave velocity was negatively associated with GPSLS (b= -0.35, p= 0.033). Also, PWV was positively correlated with SLE index (r= 0.40, p= 0.006) and E/e' (r= 0.431, p= 0.001, Figure 1 ). Aortic augmentation was negatively correlated with GPSLS (r= -0.24, p=0.037) and positively correlated with E/e' (r= 0.23, p= 0.046, Figure 2 ). Systemic lupus erythematosus index was negatively correlated with GPSLS (r= -0.45, p=0.002) and positively correlated with E/e' (r= 0.42, p=0.005, Figure 3 ). 
DISCUSSION
Systemic lupus erythematosus-specific variables were reported as independently associated with increased PWV in previous studies. [18, 19] Increase in PWV seems to be caused by the presence of an accelerated atherosclerotic process, arising from the combination of traditional and lupus specific risk factors. Systemic lupus erythematosus is characterized by chronic vascular inflammation which may act as a contributing factor in the initiation or the progression of vascular stiffness. Potential stiffening mechanisms associated with increasing blood pressure include medial layer thickening, smooth muscle cell hypertrophy and hyperplasia, expansion of the extracellular matrix, and shifts in the collagen-to-elastin ratio. [20, 21] There are several factors such as immune complexes associated with vascular function that may be the source of arterial injury. The mechanical vascular stimulation increases pulsatile shear and pressure, which causes vascular stiffening results in wide arterial pulse pressure. Ultimately, stiffened vessels become vulnerable to atherosclerosis and susceptible to increased lipoprotein and leukocyte permeability. [22, 23] To our knowledge, an association of aortic stiffness with LV functional parameters in patients with SLE has not been reported yet. Speckle tracking echo is a useful tool to quantify different components of complex cardiac motions such as longitudinal deformation. Using the speckle tracking method, our data demonstrated that SLE contributes to the impairment of systolic regional myocardial function. Also, it has been shown that arterial stiffness was related to the impairment of systolic function of the regional myocardium in hypertensive patients with normal EF. In this study, SLE patients with normal global EF as compared with controls had a higher degree of PWV and aortic augmentation and a significant association between PWV and GPSLS was found. Also, we found that the PWV and aortic augmentation are positively correlated with SELENA-SLEDAI score which depicts to SLE disease severity. This result means that, as the disease activity accelerates, aorta stiffens and GPSLS -one of the most important markers of LV performance-decreases in patients with SLE. Because the subendocardium is more vulnerable to increased wall stress, ischemia, and interstitial fibrosis, longitudinal systolic dysfunction may already be seen at the early stages of progressive myocardial disease, including hypertrophy and myocardial ischemia. [24] Arterial stiffness increases the systolic load on the LV which predisposes to change in coronary perfusion patterns and reduction in LV systolic performance. [25] However, we did observe significant association between disease activity score, arterial stiffness, and GPSLS. Additionally, E/e' was correlated with the PWV, aortic augmentation, and the SELENA-SLEDAI score. In patients with SLE, subendocardium may be affected because of inflammation even at early stages which may lead to stiffness in large arteries with LV systolic and diastolic impairment.
There are several limitations of our study. First, our work may fail to show the effect of SLE specific factors and medical therapy on arterial stiffness. Second, we were unable to demonstrate the precise mechanism underlying the impairment of systolic function of the regional myocardium in patients with SLE. Third, sample size is small and further studies with larger SLE populations are required to assess the physiological principles of the problem and to move toward therapy.
In conclusion, our study suggests that the disease activity score is significantly associated with aortic stiffness, global peak systolic longitudinal strain, and left ventricular diastolic function in patients with systemic lupus erythematosus. Furthermore, patients with lower disease activity had lower pulse wave velocity and aortic augmentation, and higher global peak systolic longitudinal strain and E/e'.
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